Abstract. MicroRNAs are small non-coding RNAs, which are critical regulators of carcinogenesis and tumor progression. Previous studies have identified that microRNA-20b (miR-20b) acts as an oncogene in numerous cancers. However, the role of miR-20b in prostate cancer remains unclear. The present study aimed to investigate the expression of miR-20b in prostate cancer and to examine whether modulating miR-20b expression impacts prostate cancer cellular proliferation and migration. It was revealed that miR-20b was strongly expressed in prostate cancer tissues compared with adjacent normal prostate tissues (P<0.05). Knockdown of miR-20b expression by miR-20b inhibitor inhibited VCaP and PC-3 cell growth and migration. Through bioinformatics analysis, phosphatase and tensin homolog (PTEN) was predicted as a target gene of miR-20b in prostate cancer cells, which was validated by dual-luciferase reporter assay and western blot analysis. In addition, restoration of PTEN expression levels did not affect endogenous miR-20b expression in prostate cancer cells. In conclusion, the present study indicated that miR-20b promotes cellular proliferation and migration by directly regulating PTEN in prostate cancer.
Introduction
Prostate cancer is the second most common type of malignancy in the male population worldwide, and is the third leading cause of cancer-associated mortality in male patients (1) . Surgery and chemotherapy are the main treatment strategies for prostate cancer (2) (3) (4) . Due to the malignant migration and invasion potential of human prostate cancer cells, the current therapy for this type of cancer remains unsatisfactory (5) . In addition, the molecular mechanism behind the progression of prostate cancer remains largely unclear.
MicroRNAs (miRNAs) are a class of small non-coding RNAs, which control protein-coding gene expression by directly binding the 3'-untranslated regions (3'-UTRs) of these genes (6, 7) . Accumulating evidence has indicated that miRNAs are important regulatory factors involved in various biological processes, including cell differentiation, growth, metastasis and apoptosis (8, 9) . Aberrant expression of miRNAs has been identified in numerous cancers, including lung and breast cancer and hepatocellular carcinoma (10) (11) (12) (13) (14) (15) . Numerous miRNAs may be regarded as potential and novel biomarkers for the diagnosis, therapy and prognosis of numerous types of cancer (16, 17) .
A large number of miRNAs have been identified to be aberrantly expressed in human prostate cancer, including miR-22, miR-23b/27b, miR-103, miR-135b, miR-181, miR-192 and miR-613 (18) (19) (20) (21) (22) (23) (24) . These miRNAs perform tumor-suppressive or oncogenic roles in the regulation of prostate cancer cell growth, invasion, migration and apoptosis. The mature sequence of miR-20b is located at chromosome Xq26.2, which is a fragile chromosomal region associated with numerous types of human cancer (25) . However, the role of miR-20b in prostate cancer remains unknown.
The present study investigated the potential effect of miR-20b on prostate cancer. Firstly, the expression of miR-20b was examined in prostate cancer tissues and adjacent normal prostate tissues. MTT and wound-healing assays were then used to detect the effect of miR-20b on prostate cancer cell growth and migration. Finally, phosphatase and tensin homolog (PTEN) was identified as a potential target gene of miR-20b by bioinformatics analysis, dual-luciferase reporter assay and western blot analysis.
Materials and methods
Clinical specimens. A total of 35 pairs of prostate cancer tissues and adjacent normal prostate tissues were obtained from the Institute of Urology, First Affiliated Hospital of Nanchang University (Nanchang, China). The patients with prostate cancer did not receive chemotherapy or radiotherapy prior to prostatectomy. All samples were immediately snap-frozen in liquid nitrogen until RNA extraction. The histological diagnosis of each sample was confirmed simultaneously by two pathologists using hematoxylin and eosin staining. Written consent forms were obtained from each patient, and the present study was approved by the Ethics Committee of First Affiliated Hospital of Nanchang University (Nanchang, China). Table I . U6 and GAPDH were used as the internal controls. The relative gene and miRNA expression levels were calculated using the 2 -ΔΔCq method (26) . Each experiment was conducted at least three times.
Cell culture and transfection. Two human prostate cancer cell lines (VCaP and PC-3) were purchased from Shanghai Institute of Biological Sciences, Chinese Academy of Science (Shanghai, China). All cells were cultured in RPMI-1640 (Invitrogen; Thermo Fisher Scientific, Inc.) containing 10% fetal bovine serum (Invitrogen; Thermo Fisher Scientific, Inc.) and 1% penicillin/streptomycin (Sigma-Aldrich; Merck KGaA, Darmstadt, Germany). Cells were maintained at 37˚C in a humidified atmosphere with 5% CO 2 .
A total of four pairs of inhibitors (inhibitor 1#-4#) and corresponding inhibitor controls (inhibitor control 1#-4#) of miR-20b were obtained from Shanghai GenePharma Co., Ltd. (Shanghai, China). The sequences were as follows: Inhibitor 1#, 5'-UGC UCA UAG UGC AGG UAG UU-3' and inhibitor control 1#, 5'-GAU GAG CAA CAU UGA GGA CU-3'; inhibitor 2#, 5'-GCA GGU AGU UUU GGC AUG AC-3' and inhibitor control 2#, 5'-AGC CCG GAU UAC CUG UAG CU-3'; inhibitor 3#, 5'-UCU ACU GUA GUA UGG GCA CU-3' and inhibitor control 3#, 5'-GAC CCU CAU UCC ACG CAU C-3'; inhibitor 4#, 5'-UAU GGG CAC UUC CAG UAC U-3' and inhibitor control 4#, 5'-CAU ACA UUA CCC GAA GUC UA-3'. The inhibitors and inhibitor controls were transfected into VCaP and PC-3 cells using Lipofectamine ® 2000 (Invitrogen; Thermo Fisher Scientific, Inc.) at a concentration of 50 nM, according to the manufacturer's protocol.
Cell proliferation assay. Cell proliferation was examined using an MTT assay. Briefly, ~8,000 VCaP and PC-3 cells/well were seeded onto 96-well plates. After 24 h, cells were transfected with miR-20b inhibitor and inhibitor control for 48 h and then treated with 20 ml/well MTT (Sigma-Aldrich; Merck KGaA; 5 mg/ml). Following incubation for 4 h at 37˚C, the free supernatant of cells was discarded and the formazan products were dissolved by 150 µl dimethyl sulfoxide. Finally, the optical density (OD) at 450 nm was detected by a microplate reader (Synergy™ HT Multi-Mode Microplate Reader; BioTek Instruments, Inc., Winooski, VT, USA).
Cell migration assay. A wound-healing assay was used to assess prostate cancer cell migration ability of miR-20b. VCaP and PC-3 cells were plated onto 12-well plates and transfected with miR-20b inhibitor and inhibitor control. Following transfection for 24 h at 37˚C in a humidified atmosphere with 5% CO 2 , wounds were made with a yellow pipette tip among cells in each well. Images were captured in five random visual fields (magnification, x100) at 0 and 12 h by a Leica DMI 6000B microscope (Leica Microsystems, Inc., Buffalo Grove, IL, USA) subsequent to wounding in order to determine the width of wound healing.
Western blot analysis. The protein of cells was extracted using lysis buffer (Invitrogen; Thermo Fisher Scientific, Inc.) according to the manufacturer's protocol. 45 µg of protein samples in each group was subjected to 10% SDS-PAGE, and then transferred to polyvinylidene fluoride membranes (EMD Millipore, Billerica, MA, USA). Subsequent to blocking with 5% non-fat milk for 2 h at 37˚C, the membrane was incubated with the rabbit monoclonal anti-PTEN antibodies (dilution, 1:500; cat. no. ab32199; Abcam, Cambridge, UK) overnight at 4˚C, followed by anti-rabbit horseradish peroxidase-linked secondary antibodies (dilution, 1:2,000; cat. no. ab6721; Abcam) for 1 h at 37˚C. The bands were obtained using AnalySIS 3.0 image analysis system (Soft Imaging System GmbH, Münster, Germany), and the protein density was quantified with Odyssey v1.2 software (LI-COR Biosciences, Lincoln, NE, USA).
Bioinformatics analysis. The potential target of miR-20b was created by combining three public algorithms, which were TargetScan (http://www.targetscan.org/), miRanda (http://www.targetscan.org/) and PicTar (http://pictar. mdc-berlin.de/). The putative genes that were predicted by the three algorithms were accepted and the candidates were chosen based on the gene function. 
Results

miR-20b is significantly upregulated in prostate cancer tissues.
The expression level of miR-20b in 35 pairs of prostate cancer tissues and adjacent normal prostate tissues was analyzed by RT-qPCR. The results revealed that the miR-20b expression was significantly upregulated in prostate cancer tissues, compared with adjacent normal prostate tissues (P<0.05; Fig. 1 ). The data indicated that the upregulation of miR-20b may be involved in the development of human prostate cancer.
Knockdown of miR-20b inhibits prostate cancer cell proliferation.
A total of four pairs of inhibitors and inhibitor controls of the miR-20b were transfected into VCaP and PC-3 cells. The transfection efficiency was analyzed by RT-qPCR at 24 h post-transfection. As shown in Fig. 2 , the transfection efficiency of cells was the highest in the inhibitor 2# group compared with other groups (P<0.05). Therefore, the miR-20b inhibitor 2# group was selected for subsequent experiments.
To evaluate the potential role of miR-20b on the proliferation of prostate cancer cells, a MTT assay was performed. The OD values of VCaP and PC-3 cells were measured at 0, 24, 48 and 72 h following transfection. The results revealed that miR-20b inhibitor reduced the growth of VCaP and PC-3 cells, as compared with the inhibitor control ( Fig. 3; P<0 .05).
Knockdown of miR-20b suppresses prostate cancer cell migration.
The wound-healing assay was performed to evaluate the potential role of miR-20b on the migration of prostate cancer cell. As shown in Fig. 4 , a significant decrease in cell migration ability was observed in miR-20b inhibitor-treated VCaP and PC-3 cells, compared with inhibitor control-transfected cells (P<0.05).
PTEN is a direct target gene of miR-20b in prostate cancer
cells. Bioinformatics analysis predicted that PTEN was a target gene of miR-20b (Fig. 5A) . In order to provide additional direct evidence for the association between PTEN and miR-20b, the binding region of miR-20b in the mRNA 3'UTR of PTEN was characterized by the dual-luciferase reporter assay. As shown in Fig. 5B , the relative luciferase activity of the psiCHECK-2-PTEN-WT vector in VCaP and PC-3 cells was increased compared with in the psiCHECK-2-PTEN-MUT vector (P<0.05). In addition, it was examined whether miR-20b inhibits endogenous PTEN expression in VCaP and PC-3 cells. Compared with inhibitor control, endogenous PTEN protein expression levels were significantly increased in VCaP and PC-3 cells transfected with miR-20b inhibitor compared with that in inhibitor control-transfected cells ( Fig. 5C; P<0.05) .
Accumulating evidence has indicated that certain target genes may also reverse regulate expression of miRNA. In order to investigate whether PTEN may regulate miR-20b expression in prostate cancer cells, PTEN overexpression plasmid (PTEN-pCDNA3.1/HA) was synthesized (Invitrogen; Thermo Fisher Scientific, Inc.). The PTEN-pCDNA3.1/HA and pCDNA3.1/HA empty vectors were transfected into VCaP and PC-3 cells using Lipofectamine 2000, according to the manufacturer's protocol. The results demonstrated that restoration of PTEN expression in VCaP and PC-3 cells did not alter the expression level of miR-20b (Fig. 6) .
Discussion
Previous studies have reported that miR-20b is upregulated in gastric and cervical cancer (27, 28) . Studies have indicated that miR-20b functions as an oncogene in numerous types of cancer. miR-20b promotes breast cancer cell growth, partly by targeting the PTEN gene (29) . miR-20b suppresses PTEN expression resulting in B7-H1 overexpression in advanced colorectal cancer (30) . miR-20b presents high expression level and has oncogenic potential in human T-cell leukemia (31) . However, the expression and function of miR-20b has not been documented in prostate cancer.
In the present study, miR-20b appeared to be markedly upregulated in prostate cancer tissues compared with adjacent normal prostate tissues, which is consistent with previous studies (27) (28) (29) 31) . The proliferation and migration abilities of human prostate cancer cells transfected with miR-20b inhibitor were significantly reduced compared with the inhibitor control, which indicated that miR-20b acts as an oncogene in prostate cancer cells. These results were also similar to observations in colorectal and breast cancer (32, 33) , in which miR-20b expression was upregulated, and knockdown of miR-20b inhibited cellular proliferation and migration.
The PTEN gene is a classic tumor suppressor gene in various human cancers, which is located at chromosome 10q23.31 (34) . PTEN functions as a negative regulator of the phosphoinositide 3-kinase/Akt pathway through dephosphorylation of phosphatidylinositol 3,4,5 trisphosphate, and is involved in regulation of cellular proliferation, metastasis and apoptosis during progression of cancers (34) . PTEN has been reported to be regulated by numerous miRNAs in multiple cancers, including colorectal carcinoma, glioma, ovarian and breast cancer (29, (35) (36) (37) . In the present study, it was also determined that miR-20b inhibited PTEN expression by directly binding to the mRNA 3'-UTR of PTEN in VCaP and PC-3 cells. Additionally, restoration of PTEN expression did not affect endogenous miR-20b expression in VCaP and PC-3 cells. Above all, the present study indicated that miR-20b serves as an important oncogene in promoting prostate cancer cell growth and migration by directly regulating PTEN.
In conclusion, the present study identified that miR-20b expression was significantly upregulated in prostate cancer tissues. Notably, knockdown of miR-20b expression exhibits an anti-tumor effect in vitro. miR-20b acts as an oncogene that performs a critical role in the growth and migration of prostate cancer cell by targeting PTEN. Therefore, miR-20b may serve as a novel biomarker and potential therapeutic target in prostate cancer. 
